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Abstract
Interactive digital storytelling has become a popular method for virtual cultural heritage presentations. Combinations of stories
and 3D virtual reconstructions are attractive for the audience and have high edutainment values. In this paper we investigate if
360◦ VR videos further contribute to user immersion in the preservation of intangible cultural heritage. It describes a case study
of the Mostar bridge diving project, aimed to present and preserve the bridge diving tradition from the Old Bridge in Mostar,
Bosnia and Herzegovina. It is a virtual reality application which enables the user to virtually jump off the bridge after watching
360◦ video stories about its history and the bridge diving tradition and upon successfully completing the quiz evaluation of the
knowledge gained from the stories. The user experience evaluation study shows that our method was successful in preserving a
form of intangible heritage and posits suggestions that can be used in developing an intangible heritage preservation framework.
CCS Concepts
•Human-centered computing → HCI design and evaluation methods; •Computing methodologies → Virtual reality; •Ap-
plied computing → Education;
1. Introduction
Cultural heritage can be broadly separated into two categories:
tangible culture and intangible culture [Vec10]. Tangible heritage
focuses on buildings, monuments, artifacts, works of art, and ot-
her cultural property. Traditionally, the term cultural heritage typi-
cally referred to tangible heritage. However, in the last decades of
the 20th century the meaning of the term was broadened to inc-
lude intangible heritage. Intangible heritage as defined by UNE-
SCO [UNE03] includes:
• “oral traditions and expressions, including language
as a vehicle of the intangible cultural heritage;
• performing arts;
• social practices, rituals and festive events;
• knowledge and practices concerning nature and the
universe;
• traditional craftsmanship.”
Currently traditional methods aimed towards the digitisation of
intangible heritage use basic storage media such as audio and vi-
deo recordings which are good documenting tools. More recently,
techniques have begun to explore more contemporary technolo-
gies [SAS∗12,DWH∗17] for documentation of intangible heritage.
These efforts have been geared towards preserving intangible cul-
tural heritage and permitting their use in an educational context.
This could be communicating dance choreography or the immersi-
vity of a particular environment but ultimately is better described
as the documentation of the intangible heritage and there is a dif-
ference between purely documentation and preservation [MLJ16].
To preserve intangible heritage it is important to convey context
and the experience of the community of people involved with the
heritage. In this work, through a case study, we explore the usage of
digital storytelling techniques to preserve the context of the intan-
gible heritage and we make use of Virtual Reality (VR) to provide
immersivity, presence and experience.
Virtual environments (VEs) can provide a means by which to
explore and investigate intangible cultural heritage sites in a rigo-
rous manner. This is a function of many elements, the most impor-
tant of which is probably the reconstruction of a cultural heritage
site. Realism can be misleading in that it implies a degree of certa-
inty about the environment being presented [HBRW∗12]. Addres-
sing the uncertainty that surrounds a VE is important due to the
interpretation that it provides through participant inference. This
is to preserve the historical context that governs cultural heritage
sites.
Standardised methods for preserving the past digitally are being
developed [AG07,3dC09,DH09,GB11]. Unfortunately, this area of
work does not actively consider the following key concerns related
to intangible heritage:
1. Validity: historical records can lead to subjectivism and misin-
terpretation of many functions of intangible heritage;
2. Inclusivity: expressions of intangible cultural heritage are those
shared by other cultures, and can be evolutions of a common root
or evolutions from distinct roots yet remain similar;
3. Representativity: scientific approaches of the modern era miti-
gate this factor, e.g. we can record dances or measure materials.
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However, recreating the past requires intelligent extrapolation of
data, yet it still requires the need to be representative of kno-
wledge and tradition, skills and customs;
4. Temporality: to experience something through the lens of a dif-
ferent culture, even ignoring the hardware and software implica-
tions which are not non-invasive, is an entirely different precept.
Intangible heritage doesn’t only represent inheritance, but is also
reflective of the contemporary;
5. Sensitivity: current themes influencing religious and political
bias can affect the agenda of recreating intangible heritage, whet-
her traditional or contemporary;
6. Community: intangible heritage is only such when recognised
by the communities that create, maintain and transmit it.
To assess a cultural heritage reconstruction is not necessarily de-
terministic: it is neither quantitative, nor qualitative, but an ad-hoc
process employing fuzzy logic to govern both techniques [NH04].
It is possible to assess the tangible quite readily. The availability of
commodity hardware and techniques such as spectroradiometers,
laser scanning, ground penetrating radar and reflectance transfor-
mation imaging allows for goniometric, radiometric and perceptual
evaluation of numerical quantities. However, the intangible is more
difficult to assess.
The reality is that validation will take the form of opinion if it
is required to evaluate outside of the context of the current gene-
rations. This is even true for quantitative information such as Geo-
graphic Information [Bra02]. Validation should occur considering
the quantitative, supplemented with error metric; and qualitative,
supplemented with error metric. In the context of intangible heri-
tage and considering the Community element of the concerns, the
validation should come from contemporary practitioners.
The main contribution of this work is suggesting up-to-date met-
hods for preserving intangible cultural heritage. The methods intro-
duced are tested in a case study of preserving the Mostar bridge di-
ving tradition, and user experience evaluation is designed and con-
ducted to identify strengths and weaknesses in order to inform upon
a framework for intangible heritage and validate our approach.
2. Related Work
Athena Plus [Plu17] introduces recommendations for cultural in-
stitutions that highly encourage conveying cultural heritage infor-
mation through digital storytelling. There are many challenges in
the design and development of story worlds for Interactive Digital
Storytelling (IDS) systems according to [SF15]. Among them is the
Narrative Paradox challenge [Ayl00]. Henrik Schoenau-Fog [SF15]
defines this challenge as a struggle between a user’s freedom of
choice and the control of the main storyline. Interactive virtual en-
vironments as parts of IDS encounter this problem when stories are
linked to objects in these environments. Users could miss finding
those triggers and consequently not perceive important informa-
tion. Therefore, solutions for the narrative paradox are important
contributions to an IDS methodology.
As possible solutions to this challenge, there are several works
arguing in favour of emergent narratives [LA03, RA99, TSF12].
These are presented in the form of stories that emerge from the
interaction between players and the systems that govern gameplay.
As our case study has already predefined stories, this proposed so-
lution could not be taken into consideration.
Argyriou et al. [AEB17] propose a conceptual gamification fra-
mework for VR applications based upon the use of game elements
in a 360◦ video environment to enhance user interaction with a case
study of the cultural heritage site, in Rethymno city, Greece. The
work presented by Argyriou et al. introduces a similar case study
to the work presented in this paper. It uses 360◦ video to convey
information, it has a quiz with questions from videos, and it has
a motivational factor. The main advantage of this approach is that
the game presented has good replayability value, which is not the
case with our case study. However, if the user plays the game only
once, and chooses only a small subset of the many fountains in the
game, the user is not presented with all of the information about
this historical place.
Ivkovic et al. [IKS18] also use 360◦ videos for representation
of cultural heritage in presenting the Bridges of Sarajevo. The user
study that is presented with this work has shown that users like 360-
degree videos and the freedom in choosing the order of the stories,
in addition to the reward at the end. The main drawback of this
paper is that there is no defined methodology to be able to check
how much information the user has learned from the stories about
the bridges. The advantage is a high level of immersion and the user
study corroborates this as it is reported that a significant number of
users felt like they were walking on the real bridge while watching
the 360◦ videos.
Russia’s Hermitage Museum [MV17], in partnership with Rus-
sian video production company Videofabrika, has created a novel
VR experience for visitors, called The Hermitage VR Experience.
This takes the form of a 19-minute movie in 360◦ format. As in the
work by Ivkovic et al. [IKS18] there is no sure way of testing the
user’s knowledge after watching the video. Also, other drawbacks
are that the user cannot choose the order of the stories, and there
is no motivational factor for the user to watch all of the stories.
However, this is a new format in historical pedagogy through an
interactive and immersive experience.
2.1. Interface
VR allows users to experience a virtual world and, in most ca-
ses, to interact with it. The interaction techniques in VEs have been
studied for many years. The interaction mode can been divided into
several parts: locomotion - for navigation through the virtual envi-
ronment; selection - scenario dependent mode, used for interaction
with virtual objects; manipulation - for changing an object’s posi-
tion, orientation or shape; scaling - for exploring the object details
(scaling up) or environment (scaling down); and menu interaction
- for performing actions that are difficult to perform using direct
interaction [Min95]. Our study is concerned mainly with the selec-
tion and menu interaction which are directly correlated and have to
be considered holistically.
For selection, two elements are essential: identification, so the
systems knows which object is to be selected; and a command to
perform the selection of the identified object. The selection can be
local, where the object is within reach, and at-a-distance, where
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the user cannot reach the desired object. The latter can be achie-
ved by using laser beams, spotlights, gaze selection or voice input.
Mendes et al. [MMS∗17] proposed a selection taxonomy, in which,
besides the reach, they include cardinality - the number of objects
that can be selected simultaneously, and progressive refinement -
gradual subselection among multiple larger groups of initially se-
lected objects. An extensive survey with another classification of
selection techniques is proposed in work by Argelaguet and Andu-
jar [AA13].
Menu interaction in virtual environments allows for adding ad-
ditional functionality to a VR application. While this is a very com-
mon interaction style in conventional 2D interfaces, there is a plet-
hora of work on menu selection in 3D VEs. Since the emergence
of VR applications, different techniques have been explored and ta-
xonomies proposed [DH07]. One approach is to use common 2D
menu types in 3D VR environments, such as pop-up and pull-down
menus [JE92], that could be fixed to the camera view-port, used as
a heads-up display (HUD), or floating in 3D space, with a predefi-
ned position and orientation [CVRF97,BW01]. The other approach
is to use more natural paradigms with “physical” 3D menus in 3D
space, e.g. spin/ring menus [GB05]. However, the selection of an
appropriate VR menu type should be based on interaction style and
purpose, application domain, and possibly other factors. For a com-
prehensive overview of 3D menu paradigms and taxonomies refer
to [LVT03, DH07].
2.2. Evaluation
Qualitative studies are essential in understanding user behavi-
ours and evaluating the situational use of technology, especially
to address interaction design when delivering novel designs and
understanding user needs for future designs [Bla13]. In designing
our evaluation study, we followed guidelines and established crite-
ria [Cre08, Fli09], but also had to balance attainment of the study
objectives with the challenge of the available resources [Bla13].
In our study we combined semi-structured interviews and conte-
xtual observations for data gathering, and basic content analysis,
as suggested for the research question related to understanding the
phenomenon [Sn09].
The literature addressing the evaluation of user experience in in-
tangible cultural heritage applications is scarce, however a valuable
and detailed example is presented within [VMH∗18]. The authors
proposed the operational model for evaluating the influence of a
user’s emotional state, the quality of gesture interaction, and user
skills on overall perceived performance. This was done with respect
to effectiveness, efficiency, and satisfaction.
3. Mostar Bridge Diving
Mostar is a city in Bosnia and Herzegovina famous for its Old
Bridge. It is a 16th-century Ottoman bridge over the river Nere-
tva, designed by Mimar Hayruddin, a student and apprentice of
the famous architect Mimar Sinan. The Bridge was destroyed on
9th November 1993 by Croat military forces during the aggression
on Bosnia and Herzegovina and rebuilt in 2004. Diving from this
bridge is a tradition which started in 1664 and is preserved today
as a part of B&H intangible cultural heritage. The aim of the pro-
ject is to present the history of the Bridge and cliff diving to the
users through VR videos and, if they learn enough from the stories,
to offer them an opportunity to perform a virtual jump via a VR
computer simulation.
Figure 1: The structure of the Mostar bridge diving application
3.1. VR Storytelling
The structure of the project is presented in Figure 1. As the ap-
plication is designed for a Head Mounted Display, everything is in
360◦: the stories, the user interface, the quiz and the bridge diving
simulation. The link to download executable application is provi-
ded online [Sar18b].
Digital storytelling follows the rules of telling stories implemen-
ted in other media, such as the theatre and film. However, VR video
brings with it new challenges, as those rules do not apply anymore.
For example, there is no staging or directing the story as defined
in film language grammar, as our viewer can now turn around and
watch the content in a 360◦ field of view. VR stories need to convey
the information to the user while using the immersive potential of
its virtual surroundings.
For this project, we have structured the storytelling into five sto-
ries. The introduction story offers an overview of the Old Bridge
cultural monument, cliff diving tradition and what the users can
Figure 2: Story about bridge diving - the interview with Lorens
Listo, the cliff diving champion
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expect from the application. It is a combination of voice-over narra-
tion and 360◦ videos of the Bridge. The stories about the history of
the Bridge, its architecture, destruction, and reconstruction are im-
plemented in the same way with 360◦ videos recorded in different
positions on the Bridge and around it. The story about cliff diving
is done as an interview with Lorens Listo (Figure 2), the famous
cliff diving champion and a legend of the city. He is describing the
cliff diving tradition, competitions, the types of jumps performed
in competition, as well as his emotions towards this sport and mo-
tivation to dedicate his life to it.
All VR videos have been recorded by a Garmin VIRB 360 Ac-
tion Camera. The sound for the interview was recorded separa-
tely with two microphones (Sennheiser ew 100 ENG G3 Wireless
Microphone Combo System) and an audio recording device (Ta-
scam DR40). We elected not to perform any spatialization of the
sound and chose to present sounds in a binaural fashion. Howe-
ver, this does interfere with the user immersion [HHD∗12], and
this is corroborated in the user experience evaluation results. We
follow, as much as possible, the guidelines for interactive digital
storytelling [RDA∗17]. In this case, we have not been using ac-
tors, but the stories still have a unique visual identity. Professionals
have been engaged for all content creation fields, the content has
been divided into sub-stories which can be watched independently,
and the stories are short, dynamic and informative. As emphasized
in [RDA∗17] and [RBOS17] the motivation factor has been intro-
duced to inspire the users to watch all of the stories and to solve
the narrative paradox. In this project, the motivation is to be able
to experience bridge diving through VR simulation, and it is per-
mitted if the user passes the quiz with sufficient correct answers
(60% threshold) to the questions framed around information from
the stories.
3.2. User Interface and Navigation
In our virtual environment we used both local and at-a-distance
interaction. The former has been used for climbing the ladders in
the diving simulation. The latter has been used elsewhere, e.g. to
navigate the digital stories and to provide answers in the quiz. Wit-
hin the diving simulation stage, natural interaction has been used
for locomotion, both for walking/swimming and for climbing the
ladder before the VR dive into the Neretva.
The story selection was implemented using a main menu, where
a user could select one of the four stories - the introduction story
was played automatically on starting the application. The menu has
been implemented using the Unity Canvas UI component and But-
ton UI elements. The button consisted of two elements: the camera
icon and the label, Figure 3 (left). All the buttons were positioned
so that it appears as if they were floating in the river, with the la-
bel reflection on the water surface. Once watched, the camera icon
above the story title would turn its colour from white to green. Upon
watching all the stories, a new menu item to take the quiz appea-
red in a yellow colour with a red hover colour, Figure 3 (right). This
button triggered loading a new scene for the quiz. In addition, while
watching all the stories, a floating 2D menu with two buttons was
visible. One button was the Play/Pause button, and the other was
the Fast Forward, used to skip the story and go back to the main
menu, Figure 4 .
The quiz scene was a room with a few windows, a door and
some traditional Bosnian objects: a Bosnian rug and “Peškun” - a
traditional carved table or chair with six, eight or nine sides, Figure
5. Through the windows, the user could see the Old Bridge, giving
the impression he or she is in one of the towers next to the bridge.
In terms of the quiz interface, the intention was to blend the quiz
questions and answers with the 3D environment, so it looks as if
they were written on the walls, Figure 5 (middle). This was achi-
eved by using three canvas elements: panel, text and button. The
canvas elements were aligned to three walls on which the questi-
ons were displayed, and multiple panels were used where more
than one question was displayed on the same wall, i.e. in the same
canvas. Their appearance was controlled using the MenuController
script. If the next question was to appear on a different wall, an ar-
row indicator was used to display the direction in which the user
had to turn. As in the main menu, a laser pointer was used for in-
teraction with the quiz menu and to be able to select the answers.
The score is kept in the background as the user progresses, and if at
the end he/she answered correctly on 60%+ questions, the door of
the room opened with a subtle creak sound, and an animated water
stream was visible outside. The button, in form of 2D text, to go
to the diving simulation is displayed within the doorframe, Figure
5 (right). Once clicked the simulation scene is loaded and the user
appears at the bridge, Figure 6.
3.3. Simulation
The simulation uses the Virtual Reality Toolkit (VRTK) [Vrt18]
which helped solve locomotion problems. The movement of the
user is handled using arm-swinger system technology, where the
user moves by pressing a button on each controller and swinging
his/her arms. The feature of climbing up a diving platform is imple-
mented using VRTK’s grab attach mechanics system. This simula-
tion uses a polygonal model of the Old Bridge in Mostar, which is
created accurately to real-world scale. Modeling and texturing was
done using Blender and SketchUp tools.
In order to improve immersion, the simulation allows the user
to actually dive into the Neretva river and come out of it. This is
implemented using a Buoyancy force. This force is put into effect
onto the player object as soon as the player enters the water. This
has the influence of modifying the player velocity upon entering the
water by a controllable value relative the normal of the water sur-
face: pv = pv + sNˆ, where pv is the vector component of the player
velocity, s is a scalar and Nˆ is the unit vector normal to the water
surface. This is evaluated until the player reaches the surface of the
water. Once the player reaches the surface, after several seconds of
movement and possible swimming with the arm-swinger techno-
logy, the simulation takes the player back to the start of the dive
simulation and allows them to dive again if they wish, permitting
replayability of this component of the VR application.
4. User Experience Evaluation
This section describes the evaluation of the user experience in
the case study of preserving the Mostar bridge diving tradition.
Our primary objective was not limited to the assessment of the
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Figure 3: Screenshots of the main menu: the story selection (left) - the green camera button indicates the story has been watched; the quiz
button (right) - displayed only once all the stories have been watched.
Figure 4: Story controls - left button for skipping the current story
and moving to the main menu, and right button to play/pause the
story.
VR application. It is desirable to consider routes to improve interac-
tion and subsequent quality attributes such as immersion and eduta-
inment. However, the main purpose of the study was to explore user
needs and behaviours, compare their experience and performance
(with respect to different levels of preconditioning), and identify
strengths and limitations of the approach proposed in the paper.
4.1. Experiment Setup
The experiment was conducted at the University of Sarajevo (21
participants), Birmingham City University (6 participants) and the
University of Bournemouth (5 participants) and involved four inter-
viewers. Participants were recruited by invitation. Evaluation sessi-
ons were conducted individually, lasting for around 35 minutes on
average.
Since presentations of digital heritage is intended for a broad au-











A bit 3 9%
No 15 47%
Visited Mostar Old Bridge
Yes 21 66%
No 11 34%
Heard of Old Bridge Diving
Yes 24 75%
No 8 25%
Table 1: Question summary statistics for the demographic break-
down of the participants.
dience, we have invited users representing different groups inclu-
ding students and professionals, and balanced different user types
with respect to their professional background and gaming expe-
rience. In order to ensure that the responses represent a diverse,
cross-section of respondents and to establish the validity of study
[LFH10] we asked participants to provide relevant demographic
data: age, education, familiarity with VR and the Mostar Old
Bridge diving tradition. Demographic data is summarised in Table
1.
Users were invited to engage with the VR interactive digital sto-
ries and dive from the virtual model of Mostar Old Bridge, shown in
Figure 7. Throughout the course of the experiment, the users were
expected to remain standing. Precautionary measures were taken to
ensure participants safety. Prior to conducting the experiment par-
ticipants were acquainted with the experiment procedure and tasks.
6 E. Selmanovic´, S. Rizvic´, C. Harvey, D. Boškovic´, V. Hulusic´, M. Chahin and S. Šljivo / Intangible Cultural Heritage Preservation
Figure 5: Screenshots of the room where the quiz was taking place. The user could see some traditional Bosnian furniture in the room and the
Old Bridge through the windows (left). The first question (middle) - each question was displayed on the left, front or right wall. The direction
for progression to the diving component once the quiz participation was successful (right).
Figure 6: Screenshots from the simulation of the Old Bridge dive. The user starts the simulation at the start of the Old Bridge (left). View of
the river from the top of the diving platform (middle). The view looking back up at the bridge after completing a successful dive from the Old
Bridge in VR (right).
Participants were advised to freely express their satisfaction or dis-
satisfaction, and to elaborate upon their experience when answering
the questions.
Interviewers were observing the users during the experiment and
noted any significant interaction issues, user specific path through
the digital narrative, and knowledge quiz success (for example it
may have been necessary for a user to revisit a question). Immedi-
ately after experiencing the VR application the users were asked a
list of semi-structured questions, beginning with a direct question
on user experience and followed by a request to provide a rationale.
The questions posed to the participants were:
Q1 What do you think of the Old Bridge application?
Q2 What was your experience of navigation through digital sto-
ries?
Q3 What was the most impressive part of the digital stories?
Q4 How would you describe your navigation through quiz que-
stions?
Q5 Can you describe your actions and feelings while exploring
the VR Old Bridge?
Q6 How would you grade your ability to move on the Old
Bridge?
Q7 Describe how did you feel looking over the diving board?
Questions were aimed to assess gestural interaction accomplish-
ments (Q2, Q4, Q6) and to summarise experience (Q1, Q3, Q5, Q7)
as perceived by the users.
In order to obtain quantitative assessment on how appropriate a
3D approach is for documenting intangible cultural heritage, we
have designed an additional web-based questionnaire. The questi-
onnaire contained 11 questions using a 5-point Likert scale. The
questions were organised into two themes, one addressing the sen-
sation of presence and the other, 3D experience.
4.2. Analysis and Results
This section describes the observations and analysis of the fin-
dings from Section 4.
4.2.1. Navigation
In case of user-reported sight problems, the size of active objects
becomes important in dictating an interactive and seamless naviga-
tion strategy. Participants wearing glasses had difficulties and ne-
eded assistance and guidance, this was not solely limited to visual
acuity but also hardware synergy. There are several improvements
needed to assist them in navigation: dynamic scaling of control but-
tons to encompass whole floating menu items and zooming in menu
items, especially quiz questions and answers when these are the fo-
cus of interaction.
Regarding the attitude of the gaming cohort, and younger partici-
pants generally, their navigation strategy is markedly different to ot-
her age ranges. They have a readiness to explore, to point and try at-
a-distance interaction, without fear of making mistakes. This type
of user behavior is welcomed, but demands additional interaction
improvements: not allowing for accidental selections, which hap-
pened in several cases. Several participants inadvertently answered
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Figure 7: User during the evaluation experiment. A full video hig-
hlighting key elements of this experimental process is available on-
line [Sar18a].
one or even two questions (wrongly) without noticing the incor-
rect selection. Contrary to this, more senior participants expressed
reluctance to explore this interaction paradigm freely, with some
of them waiting for narrative prompting. Few participants were as-
suming a passive role and only after being instructed, expressed a
more active attitude. Obviously some monitoring of user behaviour
would be beneficial and should trigger written or narrative guideli-
nes and instructions, when needed.
There were several reports of navigational difficulty within the
VR simulation where some of the users needed either additional
instructions or assistance from the interviewer in order to climb the
ladder. One user, due to feeling dizzy, was sitting during the expe-
riment, with no impediment to his 3D diving experience. We have
observed that it is important to provide control of the application
by natural gestures and movements, but also it is good to enable
controller based interaction as well. The latter is important to ac-
commodate different user types and also to compensate for space
and equipment restrictions, such as HMD cable length.
It is important to note that for all user types the overall perceived
performance and user satisfaction is linked to their emotional state.
This emotional state is influenced by the quality of their gesture
interaction and user skill, but mostly by the unique experience of
360◦ digital stories and the VR diving simulation. During the inter-
views participants were asked to rate the navigation within the VR
diving simulation. The perceived user satisfaction with navigation
is not correlated to the level of assistance participants needed, what
is illustrated in Table 2.
4.2.2. Digital stories
When participants were asked about some key information that
was presented aurally in the digital stories, such as years and no-
uns, they were unable to recall the specifics of this information.
Hence, we suggest that the educational dimension should be en-
hanced with additional elements: such as synchronous visual pre-
sentation of critical information. When analysing the collected data
Group Average rating Number in group
Assistance Needed 3.83 6
Independent 3.60 10
Instructed 3.80 5
Table 2: Average user rating of navigation within the VR simula-
tion. Ratings were provided via a 5-point Likert scale, with 1-low
and 5-high. Users are grouped by the level of their navigational
success, as observed by the interviewers. Instructed implies verbal
direction to a user was necessary, Assistance Needed covers users
who required hardware intervention from the interviewer and the
group Independent implies that no verbal or physical intervention
was required from the observer.
it was discovered that it would be helpful to have more context to
the quiz performance. This is because a score of 60% was deemed
to be a success, but a more contextual measure could be obtained as
a function of digital story review, story review pathway and indeed
answer elimination upon quiz repetition. Also, the methodology of
measuring performance should be improved upon to give greater
insight into the efficacy of the VR medium in pedagogy compared
to traditional forms of media communication.
Old Bridge divers represent the community of the intangible he-
ritage in question, and the digital stories dedicated to diving from
the Mostar Old Bridge is personalised by interviewing one from
this diving community. It is interesting to note that the interview
with the diver is selected as the most impressive part of the digital
stories by 52% of the users familiar with the Old Bridge tradition,
compared to 9% of the users not familiar with the tradition. This is
indicative of the influence and effect a priori knowledge can have
on the outcomes of preservation efforts. It also belies the need for
the consideration of community when preserving intangible heri-
tage.
4.2.3. Quiz
The majority of users liked the room with the quiz questions, and
found the environment interesting and worth exploring. However,
users reported ambiguity linked to interacting with the spatial UI
which was integrated into the quiz room. Guidance was provided
spatially to direct users to the next question by using the instruction
"Next"and an arrow as a visual indicator. However, instead of tur-
ning in the direction of guidance to look for another question, users
attempted to interact with the "Nextcˇue. Such an issue can be very
frustrating and it is a typical example of miss-communication be-
tween developer/designer and a user. Standard interface types pro-
vide other means to help users to distinguish active and passive
interaction objects, but in 3D environments, designers need to be
more careful when communicating interaction instructions. In this
case straightforward information to move would be more appropri-
ate, as: "Turn around"or simply "Right"or "Left", what should be
incorporated in the next version of the application.
4.2.4. VR Dive Simulation
The bridge diving simulation is the motivation offered to users
who complete navigation through the digital stories and complete
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the quiz by demonstrating successful learning outcomes from expo-
sure to the storytelling.
Statement Mean Percent
Agree
Q1.1 - I had a realistic feeling of looking
down from height
4.33 94%
Q1.2 - I had a realistic feeling of falling
from a height
4.22 83%
Q1.3 - I was uncomfortable with wearing
the headset
2.72 22%
Q1.4 - I was feeling detached from the real
surrounding
3.78 72%
Q2.1 - I was amazed with the experience of-
fered by 3D application
4.22 78%
Q2.2 - The experience could not be achie-
ved with a standard application
4.61 94%
Q2.3 - I would like another opportunity to
use the application
4.33 83%
Q2.4 - I would like to try different 3D VR
applications
4.78 100%
Q2.5 - I would prefer diving using 2D VR
application instead of this type
2.00 0%
Q2.6 - The experience of looking from the
bridge in 3D application can not be matched
with seeing the photo
4.33 89%
Q2.7 - I would recommend the 3D diving
application to my friends.
4.67 89%
Table 3: Questions are split by sub-scale, with Q1.x directed to-
wards presence and Q2.x addressing 3D experience. Responses
were delivered on a 5-point Likert scale, with 1-strongly disagree
and 5-strongly agree. Respective summary statistics measures are
shown: Mean and Percent Agree. Percent Agree corresponds to the
proportion of users who responded with a view greater than neu-
tral, towards agree.
In order to compare our approach with a more traditional one we
have conducted an additional survey which addresses the benefits
of VR on presence and 3D experience. During the survey, the users
were shown a traditional form of presenting this intangible heritage
via an image on a webpage. The image was of the view from the
top of the diving board. Analysis of this comparison is governed
by Q2.2, 2.5 and 2.6 shown in Table 3. The additional survey was
offered only to participants at the University of Sarajevo, and 18
participants out of the original 21 responded to our invitation. All
the questions and descriptive statistics are presented in Table 3.
Distribution of responses for each specific Likert item is presen-
ted in Figure 8; shown with a stacked bar chart [HR14]. It is im-
portant to note that answers for two negative statements: Q1.3 and
Q2.5 were complemented prior to visualisation.
By extrapolating from the participant interview transcripts, the
key themes linked to the experience of virtual diving are: height,
fear, jump, excitement, nauseous, and realistic. These are the the-
mes mentioned in texts covering real diving competitions and cor-
relate with what was said in the interview:
Figure 8: Distribution of responses. (Note: Answers for statements
Q1.3 and Q2.5 were complemented to preserve positive logic of the
diagram.)
I always tried to dive “swallow” [a diving style] as it is
much more attractive, and more dangerous, and by that
I am more drawn to that adrenalin, and it means a lot to
me.
This suggests that current technologies such as VR can facilitate an
empathetic connection with the community and preservation of in-
tangible heritage. The identified themes are relevant for designing
a novel evaluation instrument to measure immersion and edutain-
ment. An example of such an instrument is the thematic analysis of
answers to the interview Q7. The most frequent themes have been
identified as: fear, jump, height, and real. These themes were obser-
ved with frequencies from the interview transcripts of 9, 8, 7 and 6,
respectively. This is visualised in Figure 9 (right).
Figure 9: Word cloud illustrating the frequency of words used to
describe feelings of being on the top of the diving board.
5. Conclusions
In this work we explored an approach for preserving intangible
cultural heritage. The tradition of Old bridge diving in Mostar was
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used as a case study for this exploration. Applications of current
VR technologies are used to enhance user immersion and improve
upon preservation and pedagogy for this intangible heritage. The
medium of interactive digital story telling was used, and special
attention was paid when designing interface for 360 environment
by integrating both local and at-a-distance interaction mechanisms
where appropriate within the simulation. Simulation was used as an
important mechanism of preserving Old Bridge Diving heritage as
it enabled empathy of the participant in the virtual world with the
diver in the real world. This created a close and personal connection
with the tradition. The user study highlighted several recommenda-
tions due to the observed shortcomings in some components of the
aggregated system. The study also demonstrated the correlation be-
tween the virtual and the real world environments and the emotions
that are conveyed through either. This indicates transfer of context
and the experience of the community involved with the intangible
heritage, one of the key elements of preservation.
For preservation, it is not only important to document the heri-
tage, but to transfer the intangible part which can include feelings,
perception, drive and motives. On the continuum of reality, from
functional- through photo- to physical-reality, it is clear that the
divers and wider heritage community are afforded many feelings
and emotions testament to being there in the moment. Traditional
media does not excite the same level of feelings from participants
which would indicate this being somewhere low on the continuum
of reality whereas VR yields feelings of immersion and presence
more closely aligned to that of physical-reality and being there in
the moment. It is clear that in the concept of preservation of the
intangible elements of this heritage that VR has been the superior
medium in comparison to more traditional methods.
5.1. Limitations
The limitations of this study are discussed within. For the most
part the technology considered 360 field-of-view, which correla-
ted with the visual domain. However the experience in the digi-
tal stories could be improved by integrating 360 acoustic cues into
the VE. Additionally it is possible to separate, rather than collapse,
across the groups identified in the demographic capture. With this
it is possible, through inductive analysis, to garner some additio-
nal insight into the nature of preconditioning and the opinion of
these different groups when considering this form of preservation.
For example, the group that knew of the heritage rated elements
of the stories more favourably than the other group. Insight into
these elements is important when considering the design of future
preservation systems.
6. Future Work
Future work will look to build upon the suggestions and ob-
servations made within this case study and attempt to synergise a
framework for preservation of intangible heritage such that it ma-
kes recommendations to address the challenges for intangible he-
ritage: validity, inclusivity, representativity, temporality, sensitivity
and community.
In regards to technical improvements for this simulation it wo-
uld be good to investigate the influence of more physically based
elements of the recreation. For example an environment map of the
site, perhaps temporal. More accurate materials and textures wo-
uld possibly increase immersion, it would be nice to identify the
level of fidelity required in this example to elucidate the emotional
responses expected from intangible heritage.
Additionally, during the interviews it was identified that there
are many diving styles and the techniques may have adapted and
evolved over time throughout the development of the diving heri-
tage. Some of these may not even be practiced anymore. A motion
capture database of these dives, with the provision to explore and
experience these types of dives, from the frame of reference of a
diver, should be created to further expand upon the preservation of
the heritage.
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